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(54) Arc fault detector responsive to average instantaneous current and step increases in current 
and circuit breaker incorporating same 



(57) An arc fault detector includes an average in- 
stantaneous current generator which averages the cur- 
rent over the fundamental period and produces a sub- 
stantial output only where there are substantial varia- 
tions in waveform between half-cycles which is indica- 
tive of an arc. To discriminate over inrush currents, a 
pulse generator generates a pulse in response to the 
step increase in current caused by striking of an arc. An 
output circuit generates an arc signal when the time at- 
tenuated accumulation of pulses occurring in half -cycles 



in which the average instantaneous current is above a 
selected threshold reaches a predetermined level. To 
further discriminate over dimmers during turn on of a 
cold tungsten bulb, the ANDing with the average instan- 
taneous current is delayed until a time attenuated accu- 
mulation of the pulses reaches a threshold value. The 
average instantaneous current can be approximated by 
a bandpass filter with a center frequency below the fun- 
damental of the ac current. A second bandpass filter 
with a center frequency above the fundamental can be 
used as the pulse generator. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention relates to detection and inter- 
ruption of currents in an AC electrical power circuit ex- 
periencing arcing faults. More particularly, it relates to 
apparatus with increased sensitivity to difficult to distin- 
guish arcs, such as carbon arcs, yet with enhanced im- 
munity to nuisance tripping. 

Background Information 

[0002] Arc faults can occur in electrical systems, for 
instance between adjacent paired conductors, between 
exposed ends of broken conductors, at a faulty connec- 
tion, where carbon deposits have collected adjacent ter- 
minals or outlets, and in other situations where conduct- 
ing elements are in close proximity. Arc faults in AC sys- 
tems can be intermittent; however, arcs caused by car- 
bon deposits can occur regularly in successive half-cy- 
cles. 

[0003] Arc faults typically have high resistance, so 
that the arc current is below the instantaneous or mag- 
netic trip threshold of conventional circuit breakers. Al- 
so, the intermittent nature of an arc fault can create an 
average RMS current value which is below the thermal 
threshold for such circuit breakers. Even so, the arcs 
can cause damage or start a fire if they occur near com- 
bustible materials. It is not practical to simply lower the 
pick-up currents on conventional circuit breakers, as 
there are many typical loads which draw similar currents 
and which would, therefore, cause nuisance trips. 
[0004] Much attention has been directed to trying to 
distinguish arcing currents from other intermittent cur- 
rents. It has been recognized that arcing faults generate 
a great deal of high frequency noise, and further, that 
there are periods of quiescence in the high frequency 
component. Some circuit breakers look to such features 
to differentiate arcing faults from other phenomena. Cir- 
cuit breakers which rely upon such detailed character- 
istics of current waveform to detect arc faults typically 
utilize a microprocessor to perform the analysis. They 
also require fairly good quality analog-to-digital convert- 
ers to capture the high frequencies of interest. Thus, 
such arc fault detectors add significantly to the cost of 
a circuit breaker, and in the case of the typical residential 
circuit breaker, can multiply its cost many times. Yet 
even such sophisticated circuit breakers are subject to 
nuisance trips when confronted with some common load 
devices. 

[0005] It has also been recognized that arc faults gen- 
erate a step increase in current when the arc is struck. 
However, many typical loads generate a similar step in- 
crease when a device is turned on. In many cases, the 
step increase produced by a load is a singular event and 
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can be distinguished from an arc fault which generates 
repetitive step increases by counting step increases 
during an interval such as a few half-cycles. A more so- 
phisticated variant of this type of arc fault detector main- 
5 tains a time attenuated accumulation of step increases 
and generates a trip when a selected level of the accu- 
mulation is reached. This type of detector provides a 
faster trip on large step increases while reducing nui- 
sance trips. 

10 [0006] A dimmer circuit provides unique problems for 
an arc fault detector which responds to the step increas- 
es generated by the striking of an arc. A dimmer, when 
phased back, produces a pattern of step increases in 
current each half-cycle. Under steady state conditions, 
the amplitude of these pulses will be below that of an 
arc current, and can, therefore, be distinguished on that 
basis. However, If the dimmer is used to control a tung- 
sten bulb, the cold filament has a very low resistance on 
start-up which produces a large initial pulse with subse- 

20 quent pulses decaying in amplitude as the filament rap- 
idly warms up. This characteristic of a dimmer has also 
been used to distinguish it from arc faults, but it still has 
been necessary to maintain the threshold for arc detec- 
tion above the handle rating to avoid nuisance tripping 

25 on a dimmer. 

[0007] As mentioned, carbon arc faults can strike in 
successive half-cycles and thus look very similar to a 
dimmer This presents a difficult challenge in meeting 
the code requirement for a reliable response to carbon 

30 arcs within eight half-cycles of onset while rejecting nui- 
sance trips in response to a dimmer including turn on of 
a cold tungsten bulb. 

[0008] It is an object of the invention, therefore, to pro- 
vide an improved arc fault detector and circuit breaker 
35 incorporating the same which has increased sensitivity 
to arc faults, while also having enhanced immunity to 
nuisance trips. 

[0009] It is a particular object of the invention to pro- 
vide such apparatus which responds reliably to carbon 

40 arcs while rejecting trips attributable to dimmers and es- 
pecially dimmers controlling tungsten bulbs. 
[001 0] It is another object of the invention to increase 
the sensitivity of an arc fault detector which responds to 
step increases in current caused by the striking of an 

4 $ arc. 

[0011] It is another object of the invention to provide 
such apparatus which is economical and compact and 
can be implemented in the limited space available in 
small circuit breakers. 

50 

SUMMARY OF THE INVENTION 

[0012] These objects and others are satisfied by the 
invention which is directed to an arc fault detector, and 
55 a circuit breaker incorporating such an arc fault detector, 
having a current detector which includes an average in- 
stantaneous current generator which generates a run- 
ning average of the instantaneous current. Averaging 
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over the fundamental period of the ac current results in 
a signal that can be used to distinguish arcing faults over 
normal loads. The average over the fundamental period 
of a pure sine wave is ideally zero. The magnitude of 
the average current over the period of the fundamental 
is a function of the non-repeatability of the current wave- 
form from half-cycle to half-cycle. This function produc- 
es greater outputs for current waveforms that vary from 
half-cycle to half-cycle in magnitude and pulse width. 
Arcing faults, being random in nature and having varying 
magnitudes, pulse widths and missing half-cycles, pro- 
duce magnitudes greater than current waveforms of a 
consistent half-cycle to half-cycle nature for normal 
loads. The arc fault detector of the basic form of the in- 
vention includes a trip signal generator which generates 
a trip signal when the average instantaneous current 
reaches a threshold value. 

[001 3] As mentioned, the carbon arc can have a very 
consistent half-cycle to half-cycle current waveform, 
and therefore, it does not produce a sufficient magnitude 
of average current to distinguish it as an arc. According- 
ly, a second embodiment of the invention incorporates 
additional features which ensure detection of the carbon 
arc. An approximation of the average instantaneous cur- 
rent over the fundamental period can be obtained with 
an analog bandpass filter having a center frequency 
which is below the fundamental frequency of the ac cur- 
rent. This approximation includes a fraction of the fun- 
damental magnitude. Using this approximation, the car- 
bon arc produces sufficient magnitudes to be effectively 
distinguished as an arc, while maintaining the increased 
sensitivity to random arcing and immunity to nuisance 
tripping. This also causes the output of the fundamental 
to no longer be zero. The threshold for this value can be 
set so that the carbon arc can be distinguished from the 
steady state dimmer current which will have a lower fun- 
damental amplitude. 

[0014] The arc fault detector must also be able to ig- 
nore inrush currents such as those associated with the 
motor start-up. Hence, in another embodiment of the in- 
vention, a di/dt or pulse detector is added to determine 
if a step increase in current has occurred within each 
half-cycle. In this embodiment, the trip signal generator 
responds only to a function of pulses generated in half- 
cycles in which the average Instantaneous current is 
more than the threshold. Preferably, the trip signal gen- 
erator generates the trip signal as a time attenuated ac- 
cumulation of pulses in half-cycles in which the average 
instantaneous current is more than the threshold. This 
pulse generator can be implemented as a second band- 
pass filter having a center frequency above the funda- 
mental frequency so that it generates a pulse in re- 
sponse to a step increase in the current. This bandpass 
filter can be set to trip at a desired pure 60 Hz current 
waveform by adjusting the level of 60 Hz in the di/dt 
bandpass filter. This serves as an electronic overcurrent 
detector. Thus, this circuit consists of two bandpass 
channels, one below the fundamental and one above 



the fundamental. The trip signal generator logically 
ANDs the output to these two bandpass filters. 
[0015] To further improve sensitivity to arcs and to in- 
crease immunity to nuisance tripping, the pulse gener- 

5 ator can be configured to generate an output as a func- 
tion of a predetermined value of pulses generated each 
time an arc is struck. Preferably, this function is a time 
attenuated accumulation of the pulses. When a prede- 
termined level of this time attenuated accumulation is 

io reached, the pulse generator generates an output which 
enables the time attenuated accumulation of the aver- 
age instantaneous current. If a sufficient average instan- 
taneous current occurs, when enabled, a trip signal is 
generated. 

is [0016] The invention also includes incorporation of 
this novel arc fault detector in a circuit breaker which 
interrupts current in response to detection of an arc fault. 
[0017] Accordingly, It is an object of the invention to 
provide an arc fault detector and a circuit breaker incor- 

20 porating such an arc fault detector with improved sen- 
sitivity to arc faults, including carbon arc faults, and with 
enhanced immunity to nuisance trips, including re- 
sponse to dimmers and especially dimmers used to con- 
trol tungsten bulbs. 

25 [0018] It is also an object of the invention to provide 
such apparatus which monitors the average instantane- 
ous current for use in detecting arc faults. 
[0019] It is a further object of the invention to provide 
an enhanced version which combines monitoring of av- 

30 erage instantaneous current with detection of step in- 
creases in current such as are produced each time an 
arc is struck. 

[0020] It is an overall object of the invention to provide 
such apparatus which is economical and practical to im- 
35 piement. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] A full understanding of the invention can be 
40 gained from the following description of the preferred 
embodiments when read in conjunction with the accom- 
panying drawings in which: 

Figure 1 is a schematic diagram in block form of the 
4s basic embodiment of the invention. 

Figure 2 is a schematic diagram In block form of a 
second embodiment of the invention. 
Figure 3 is a graphical representation of the re- 
sponse of bandpass filters utilized in the embodi- 
so ments of Figures 1 and 2. 

Figure 4 is the schematic diagram in block form of 
yet another embodiment of the invention. 
Figure 5 is a schematic circuit diagram of the em- 
bodiment of the invention disclosed in Figure 2. 
55 Figure 6 is a schematic circuit diagram of the em- 
bodiment of the invention shown in Figure 4. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0022] A basic concept upon which the arc fault de- 
tector of this invention is based is that the average of 5 
the instantaneous current over the interval of the funda- 
mental of a sine wave is substantially zero, while due to 
their random nature, arcing faults in which half -cycles of 
the current have varying magnitudes, pulse widths and 
missing half-cycles will produce a value for the average 
instantaneous current over the period of the fundamen- 
tal which will be greater in magnitude than that gener- 
ated by the consistent half-cycle to half -cycle current 
waveforms typically drawn by normal loads. Thus, the 
arc fault detector 1 of Figure 1 has a current detector 2 
in the form of an average instantaneous current gener- 
ator 3 which generates a running average of the instan- 
taneous current over the period of the fundamental of 
the ac current. An arc fault signal generator 5 generates 
an arc detection signal when this average instantaneous 
current is above a threshold value. The average instan- 
taneous current generator 3 can be implemented in a 
microprocessor which samples the current waveforms 
and generates a moving window which provides a run- 
ning average of the instantaneous current. 
[0023] The average instantaneous current generator 
can also be implemented in analog form. by a bandpass 
filter having a center frequency below the fundamental 
frequency. For instance, as shown in Figure 3, the band- 
pass filter for detecting arc faults in an ac system having 
a 60 Hz fundamental frequency can have a response 7 
which is centered about 6 Hz. As mentioned, a carbon 
arc fault can produce a fairly regular pattern from half- 
cycleto half-cycle and therefore will not generate a large 
value for the average instantaneous current. Since a 
dimmer circuit, when phased back, also produces a 
rather uniform waveform from cycle to cycle, the re- 
sponse characteristic 7 of the bandpass filter is selected 
so that it includes a fraction of the fundamental as indi- 
cated at 9. As the carbon arc fault current will exceed 
the amplitude of the current drawn by a dimmer, the 
threshold of the output generator 5 can be selected to 
discriminate between the carbon arc fault and steady 
state dimmer circuit. 

[0024] As is known, many loads draw inrush currents 
when turned on. For instance, a motor can draw 6 to 8 
times its steady state current during start-up. As such 
inrush currents decay with time, they also produce an 
average instantaneous current which is non zero. In or- 
der to meet the requirement that an arc fault be detected 
within 8 half-cycles, additional measures are taken to 
differentiate arc faults from those inrush currents. 
[0025] Figure 2 illustrates another embodiment of the 
arc fault detector 1* which, in addition to monitoring the 
average instantaneous current generated by the aver- 
age instantaneous current generator 3, also looks for 
the step increases in current which occur each time an 
arc is struck. Thus, the current detector 2' of the arc fault 



detector V of Figure 2 includes a pulse generator or di/ 
dt detector 1 1 which generates a pulse each time an arc 
is struck. The outputs of the average instantaneous cur- 
rent generator 3 and the pulse detector 11 are logically 
ANDed at 13. The output generator 5' then generates 
an arc detection signal as a function of the value of the 
average instantaneous current at instants in half-cycles 
when a pulse is generated. Preferably, this function is a 
time attenuated accumulation. 

[0026] Again, the embodiment of Figure 2 can be im- 
plemented digitally in a microprocessor or with analog 
circuitry. In the latter case, the pulse generator 11 can 
be a second bandpass filter having a center frequency 
above the fundamental frequency. As an example, the 
response 15 of the bandpass filter forming the pulse 
generator 11 shown in Figure 3, has a center frequency 
of about 10 KHz. 

[0027] A tungsten filament has a very low resistance 
when cold, but its resistance increases rapidly as it 
heats up in response to current flow. Hence, if a dimmer 
is used to control a tungsten bulb, a current waveform 
is produced at bulb turn-on which exhibits a step in- 
crease during each half-cycle and an amplitude which 
decays from an initial very high value. This can make it 
necessary to reduce the sensitivity to carbon arc faults 
in order to avoid a nuisance trip. Figure 4 illustrates an- 
other embodiment of the arc fault detector 1 " which pre- 
serves the sensitivity to carbon arc faults while prevent- 
ing nuisance trips attributable to tum-on of a tungsten 
bulb controlled by a dimmer. In this embodiment, the 
pulse generator 11 1 includes a di/dt detector 17 and, in 
addition, a pulse processor 1 9. In its preferred form, the 
pulse processor generates a time attenuated accumu- 
lation of pulses generated by the di/dt detector and pro- 
duces an output when this accumulation reaches a pre- 
determined level. The output of the pulse processor 19 
is used to enable the output of the average instantane- 
ous current generator 3. This enabling function is rep- 
resented in Figure 4 by an operational amplifier 13' 
which generates an output, if enabled by the pulse proc- 
essor 19, when the average instantaneous current sig- 
nal is above a threshold. As in the embodiment of Figure 
2, an output signal generators* generates an output as 
a function of the analog instantaneous average current 
when enabled. Preferably, the output Is generated as a 
function of a time attenuated accumulation. 
[0028] Figure 5 illustrates a circuit breaker 21 which 
incorporates an analog implementation of the arc fault 
detector V shown in Figure 2. The circuit breaker 21 pro- 
vides protection for an electrical circuit 23 which has a 
line conductor 25 and a neutral conductor 27. The circuit 
breaker 21 provides ovcrcurrcnt and short circuit pro- 
tection through a conventional thermal-magnetic trip 
mechanism 29 which includes a bimetal 31 . As is well 
known, the bimetal 31 responds to persistent overcur- 
rent conditions to actuate a spring-powered operating 
mechanism 33 to open a set of separable contacts 35 
connected in series with the line conductor 25 to inter- 
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rupt current flow in the electrical system 23. Short circuit 
protection is provided by a magnetic armature 37 which 
is magnetically attracted by the high short circuit current 
to also trip the operating mechanism 33 and open the 
separable contacts 35. 

[0029] Arc fault protection is provided by the arc fault 
detector 1 ' which utilizes leads 39 connected across the 
bimetal 31 to sense current in the protected electrical 
system 23. As taught by U.S. Patent No. 5,519,561 , the 
voltage drop across the known resistance of the bimetal 
31 provides a measure of the current flowing in the line 
conductor 25. The sensed current is applied to the av- 
erage instantaneous current generator 3, which in this 
case is an analog bandpass filter having a center fre- 
quency below the fundamental frequency of the electri- 
cal system. This bandpass filter 3 includes a high-pass 
filter 41 formed by the series-connected capacitor 43 
and the resistor 45 , followed by a low-pass filter 47 
formed by the parallel -connected capacitor 49 and the 
resistor 51 . The bandpass filter 3 provides an approxi- 
mation of the average instantaneous current over the 
period of the fundamental. As discussed in connection 
with Figure 2, the response curve 7 of this bandpass 
filter 3 can have a center frequency of about 6 Hz and 
includes some 60 Hz as shown at 9 in Figure 3 for, as 
explained, discriminating carbon arc faults over dimmer 
circuits. 

[0030] An operational amplifier (op amp) 53 provides 
gain for the average instantaneous current signal. The 
op amp 53 is biased at its non-inverting input by a 13 
vdc supply voltage. Complementary highpass filter 41 1 
and low-pass filter 47' delay application of the bias to 
prevent generation of false trip signals during power-up. 
[0031] The average instantaneous current signal 
rides on a +1 3 vdc volt bias supplied to the op amp 53. 
This bias is removed by the ac coupling capacitor 55 
which, along with the resistor 57, forms another high- 
pass filter stage. The bipolar average instantaneous 
current signal resulting is rectified by a rectifier circuit 
59 which includes another op amp 61 . Positive values 
of the bipolar average instantaneous current signal are 
applied to the non-inverting input of the op amp 61 
through the diode 63, while negative values are applied 
to the inverting input through the diode 65. The output 
of the op-amp 61 Is an average instantaneous current 
signal having a single polarity. 

[0032] The amplitude of the average instantaneous 
current signal output by the rectifier circuit 59 is limited 
by a zener diode 67. In addition, a capacitor 69, shunted 
by a bleed resistor 71 , serves as a peak detector of the 
average instantaneous current signal. A diode 73 pre- 
vents discharge of the capacitor 69 through the rectifier 
59. 

[0033] The sensed current signal taken across the bi- 
metal 31 is also applied to the pulse generator 11 . The 
pulse generator 11 is implemented by analog circuitry 
similar to that of the average instantaneous current gen- 
erator 3, except that the parameters are selected such 



that the bandpass filter of the pulse generator 11 has a 
center frequency above the fundamental frequency of 
the electrical system, and in the exemplary embodiment 
has a center frequency of about 5 kHz and a response 

5 such as that shown by the curve 9 in Figure 3. The result 
is that the pulse generator 11 outputs a pulse in re- 
sponse to each step increase in current in the line con- 
ductor 25 produced when an arc is struck. This pulse 
signal is passed through a rectifier circuit 59 to produce 

10 a pulse signal of a single polarity. Again the pulses are 
limited in amplitude by a zener diode 67'. In the case of 
this pulse signal, the capacitor 69' and resistor 71 1 
stretch the pulses to produce pulses of generally uni- 
form width. 

is [0034] The average instantaneous current signal and 
the pulse signal, as rectified and conditioned, are logi- 
cally ANDed by the logic 13 which includes transistors 
75 and 77 connected in series. An additional transistor 
79 forms a differential pair with the transistor 75 and, 

20 together with the resistors 80 and 81 , sets the threshold 
for the average instantaneous current signal necessary 
to turn the transistor 75 on. Output circuit, or trip signal 
generator, 5' includes a circuit 82 which generates a 
time-attenuated accumulation of pulses generated in 

25 half-cycles when the average instantaneous current is 
above the selected threshold. The pulses are accumu- 
lated on a capacitor 83 connected to the 26 vdc supply. 
A bleed resistor 85 connected across the capacitor 83 
provides time attenuation. Pulses are applied to the ca- 

30 pacitor 83 only when both the transistors 75 and 77 are 
on. When no pulses are applied, both electrodes of the 
capacitor 83 are at 26 volts . When the transistors 75 and 
77 are on, charge is applied to the capacitor 83. The 
successive pulses are accumulated through integration 

35 of the charge they add to the capacitor 83. The resistor 
85 continuously bleeds the charge on the capacitor 83 
with a time constant determined by the values of the ca- 
pacitor 83 and the resistor 85 to time-attenuate the ac- 
cumulation of the pulses. It can be appreciated that the 

40 magnitude and the time interval between the pulses and 
the magnitude of the instantaneous average current de- 
termine the instantaneous voltage that appears across 
the capacitor 83. 

[0035] A circuit 87 monitors the voltage across the ca- 
45 pacitor 83 representing the time attenuated accumula- 
tion of the pulses generated when the average instan- 
taneous current signal was above the threshold. Each 
pulse lowers the voltage on the capacitor which is ap- 
plied to the base of a transistor 89. A voltage is applied 
so to the emitter of the transistor 89 by the 13 vdc supply 
through a resistor 91 and a diode 93. With no pulses 
being generated, the voltage on the base of the transis- 
tor 89 is 26 volts. Without the diode 93, the 13 volt re- 
verse bias would destroy the base to emitter junction of 
55 the transistor 89. The diode 93 withstands this voltage. 
When the voltage at the lower end of the capacitor 83, 
and therefor on the base of the transistor 89, falls below 
the 13 volt minus the forward drop across the diode 93, 



5 



BNSDOCID: <EP 1 126572A2J. > 



t 



9 



EP1 126 572 A2 



10 



the transistor 89 is turned on. Turn-on of the transistor 
89 provides base drive for a transistor 95 which draws 
current limited by the resistor 97 to generate an arc fautt 
trip signal which turns on a silicon controlled rectifier 
(SCR) 99. Turn-on of the SCR 99 energizes a trip sole- 
noid 101 which draws current limited by resistor 103 
from the neutral conductor 27. Energization of the trip 
solenoid 101 actuates the operating mechanism 33 to 
open the separable contacts 35 and thereby interrupt 
the arc current. A capacitor 105 protects the gate of the 
SCR from transients and prevents tripping on spurious 
signals. 

[0036] Figure 6 illustrates an analog implementation 
of the embodiment of the arc fault detector 1" of Figure 
4 incorporated into a circuit breaker 21\ This circuit is 
similar to the circuit of Figure 5, except that the pulse 
generator 11 1 in addition to including a circuit 1 7 for gen- 
erating a pulse each time an arc is struck, also Includes 
the pulse conditioner 1 9 which generates a pulse gen- 
erator output signal controlling turn-on of the transistor 
77 of the and logic 1 3. This circuit 1 9 generates an out- 
put which is a function of the pulses generated by the 
circuit 17. Preferably, the function is a time-attenuated 
accumulation of those pulses. The time-attenuated ac- 
cumulation is implemented by the circuit 81 \ which is 
similar to the circuit 81 . The pulses are applied to this 
circuit 81' by tum-on of the transistor 107, which in turn 
is controlled by the threshold set by the resistors 1 09 
and 1 1 1 and applied through the differential amplifier ar- 
rangement which includes the transistor 1 1 3. The circuit 
19 does not permit turn-on of the transistor 77 until the 
selected time-attenuated accumulation of pulses gener- 
ated by the circuit 1 7 has reached a selected level. This, 
in effect, delays initiation of the current attenuated ac- 
cumulation by the circuit 81 . This arrangement is effec- 
tive in providing increased sensitivity to arcing faults 
and, in particular, to carbon arcing faults, without false 
tripping by the initially large amplitude step increases 
produced by a dimmer during turn-on of a cold tungsten 
bulb. 

[0037] While specific embodiments of the invention 
have been described in detail, it will be appreciated by 
those skilled in the art that various modifications and al- 
ternatives to those details could be developed in light of 
the overall teachings of the disclosure. Accordingly, the 
particular arrangements disclosed are meant to be illus- 
trative only and not limiting as to the scope of invention 
which is to be given the full breadth of the claims ap- 
pended and any and all equivalents thereof. 



Claims 

1 . An arc fault (1 ) detector for an ac electrical system 
(23) having a fundamental frequency and subject to 
arc faults generating step increases in an instanta- 
neous value of current each time an arc is struck, 
comprising: 
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a current detector (2) comprising an average in- 
stantaneous current generator (3) generating a 
running average of said instantaneous value of 
current; and 

an output signal generator (5) generating an arc 
fault signal as a function of said running aver- 
age instantaneous current in excess of a 
threshold. 

The arc fault detector (11) of Claim 1 wherein said 
current detector (21) further includes a pulse gen- 
erator (11) generating a pulse in response to a step 
increase in current each time an arc is struck and 
said output signal generator (51 ) generates said arc 
fault signal as a function of pulses generated in half- 
cycles in which said average instantaneous current 
is more than said threshold. 

The arc fault detector (11) of Claim 2 wherein said 
output signal generator (51 ) generates said arc fault 
signal as a time attenuated accumulation of said 
pulses in half-cycles in which said average instan- 
taneous current is more than said threshold. 

The arc fault detector (11) of Claim 3 wherein said 
average instantaneous current generator (3) com- 
prises a first bandpass filter having a center fre- 
quency less than said fundamental frequency and 
wherein said pulse generator (1 1) comprises a sec- 
ond bandpass filter having a center frequency more 
than said fundamental frequency. 

The arc fault detector (1 11 ) of Claim 1 wherein said 
current detector (211 ) further includes a pulse gen- 
erator (111) generating a pulse generator output as 
a function of a predetermined value of pulses gen- 
erated each time an arc is struck, and said output 
signal generator (51 ) generates said arc fault signal 
as a function of said pu Ise generator output and said 
average instantaneous current which is more than 
said threshold. 

The arc fault detector (1 11 ) of Claim 5 wherein said 
pulse generator (111) generates said pulse gener- 
ator output as a time attenuated accumulation of 
said pulses. 

The arc fault detector (1 11 ) of Claim 6 wherein said 
output signal generator generates (51) said arc fault 
signal as a time attenuated accumulation of said av- 
erage instantaneous current and said pulse gener- 
ator output. 

The arc fault detector (111 ) of Claim 7 wherein said 
average current generator (3) comprises a first 
bandpass filter having a center frequency less than 
said fundamental frequency and said pulse gener- 
ator (111) includes a second bandpass filter (17) 
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having a center frequency more than said funda- 
mental frequency. 

9. The arc fault detector (1) of Claim 1 wherein said 
average instantaneous current generator (3) com- 
prises a first bandpass filter having a center fre- 
quency less than said fundamental frequency gen- 
erating said running average of instantaneous cur- 
rent. 

10. The arc fault detector (11) of Claim 9 wherein said 
current detector (21) further includes a second 
bandpass filter (1 1 ) generating pulses and said out- 
put signal generator (51 ) generates an arc fault sig- 
nal as a function of pulses generated when said av- 
erage of said instantaneous current is more than 
said threshold. 

1 1 . The arc fault detector ( 1 11 ) of Claim 9 wherein said 
current detector (211) further includes a pulse gen- 
erator (111) comprising a second bandpass filter 
(1 7) with a center frequency more than said funda- 
mental frequency generating a pulse in response to 
a step increase in current each time an arc is struck, 
and a pulse processor (1 9) generating a pulse gen- 
erator output as a function of pulses generated by 
said second bandpass filter, and said out signal 
generator (51) generates said arc fault signal as a 
function of said pulse generator output and said run- 
ning average of said instantaneous current more 
than said threshold. 

12. The arc fault detector (11) of Claim 9 wherein said 
first bandpass filter (3) includes a portion of said fun- 
damental frequency in said average of said instan- 
taneous current. 

13. A circuit breaker (21) for interrupting current in an 
ac electrical system (23) having a fundamental fre- 
quency and subject to arc faults generating step in- 
creases in an instantaneous value of said current 
each time an arc is struck, comprising: 

separable contacts (35); 

an operating mechanism (33) opening said 

separable contacts in response to a trip signal; 

and 

an arc fault detector (1) comprising: 

a current detector (2) comprising an aver- 
age instantaneous current generator (3) 
generating a running average of said in- 
stantaneous current; and 
a trip signal generator (5) generating a trip 
signal as a function of said running average 
of said instantaneous current in excess of 
a threshold. 



14. The circuit breaker (21) Claim 13 wherein said av- 
erage instantaneous current generator (3) compris- 
es a first bandpass filter having a center frequency 
less than said fundamental frequency generating 

5 said running average of instantaneous current. 

15. The circuit breaker Claim 14 wherein said current 
detector (21) further includes a second bandpass 
filter (1 1 ) generating pulses and said trip signal gen- 

10 erator (51) generates a trip signal as a function of 
pulses generated when said average of said instan- 
taneous current is more than said threshold. 

16. The circuit breaker (21) of Claim 15 wherein said 
15 trip signal generator generates (51 ) said trip signal 

as a time attenuated accumulation of said pulses 
and half-cycles in which said average instantane- 
ous current is more than said threshold. 

20 17. The circuit breaker (21) of Claim 16 wherein said 
first bandpass filter (3) passes a portion of said fun- 
damental frequency in said average of said instan- 
taneous current. 

25 18. The circuit breaker (211) of Claim 14 wherein said 
current detector (211) further includes a pulse gen- 
erator (111) comprising a second bandpass filter 
(1 7) with a center frequency more than said funda- 
mental frequency generating a pulse in response to 

30 a step increase in current each time an arc is struck, 
and a pulse processor (19) generator generating a 
pulse generator output as a function of pulses gen- 
erated by said second bandpass filter, and said trip 
means (51) generates said trip signal as a function 

35 of said pulse generator output and said running av- 
erage of said instantaneous current more than said 
threshold. 

19. The circuit breaker (211) of Claim 18 wherein said 
40 pulse processor (19) generates said pulse genera- 
tor output as a time attenuated accumulation of said 
pulses. 

20. The circuit breaker (211) of Claim 1 9 wherein said 
45 trip signal generator (51) generates said trip signal 

as a time attenuated accumulation of said average 
instantaneous current and said pulse generator out- 
put 

50 21 . The circuit breaker (21 1 1 ) of Claim 20 wherein said 
first bandpass filter (3) passes a portion of said fun- 
damental frequency in said average of said instan- 
taneous current. 

55 
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